Introduction
Lung cancer is one of the most common primary tumors in cardiac metastasis [1] . This type of metastasis involves the pericardium or epicardium by direct invasion [2, 3] . Herein, we report a case of a patient with lung cancer that invaded the left atrial endocardium, as diagnosed upon autopsy. This rare case is presented with literature precedents.
Case Presentation
A 59-year-old male patient presented with left chest discomfort on admission. His blood pressure was 86/54 mm Hg, with a pulse rate of 107 beats per minute and a body temperature of 35.7°C. His medical history included encephalitis in childhood and his smoking history was 20 cigarettes per day for 40 years.
A physical examination showed an anemic and edematous face with weak respiratory sounds in the left lung. The patient had elevated C-reactive protein, leukocytes, and calcium levels, and decreased hemoglobin and potassium. Cancer markers such as carcinogenic antigen, neuron-specific enolase, squamous cell carcinoma, and cytokeratin-19 fragment were all elevated. The calcium level was 12.6 mg/dl. His parathyroid hormone-related protein (PTHrP) level was elevated to 20.2 pmol/l (normal range: 0-1.1), and intact parathyroid hormone (PTH) was 2 pg/ml (normal range: 10-65).
Thoracic radiography showed cardiomegaly and computed tomography showed a left lung mass with invasion of the heart and pleural effusion ( fig. 1 ). Magnetic resonance imaging (MRI) revealed a large mass surrounding the heart ( fig. 2 ), and gallium-68 imaging showed positive accumulation in the region surrounding the heart ( fig. 3 ). No malignant diagnoses were possible upon frequent cytology of his sputum and pleural effusion. Bronchoscopy proved impossible due to the critical risk to life. The patient died from congestive heart failure with anoxia 38 days after admission. An autopsy revealed tumoral mass occlusion in the left main bronchus and tumoral invasion of the left atrium, left ventricle, and aorta.
Discussion
We have presented a case of a lung cancer patient with tumoral invasion of the left atrial endocardium, as diagnosed upon autopsy. No malignant diagnoses were possible upon frequent cytology of his sputum and pleural effusion, probably due to tumoral occlusion of the left main bronchus.
The most common neoplasms associated with cardiac metastasis are lung cancer, lymphoma, breast cancer, leukemia, stomach cancer, and melanoma [2, 4] . In a series of autopsies, cardiac metastasis was present in 15-35% of all lung cancer patients [5] . The pericardium is the most commonly affected structure in the event of cardiac metastasis, with involvement being due to either direct invasion or lymphatic spread. The epicardium and myocardium are the next most common sites for metastasis, almost exclusively resulting from retrograde lymphatic spread. Around 8-10% of all lung cancers invade the heart, especially the left atrium [6] .
A comprehensive evaluation of cardiac mass, including the use of other imaging modalities (such as computed tomography or MRI), along with an assessment of the patient's clinical history and other laboratory findings, may be needed for optimal clinical decision-making. Cardiac MRI is a particularly useful imaging modality for soft-tissue characterization and is frequently used to localize and analyze the morphological appearance and infiltration of cardiac and juxta-cardiac structures [7] .
Hypercalcemia is commonly observed in patients with cancer and bone metastases. Humoral hypercalcemia of malignancy is defined as hypercalcemia associated with a malignant tumor and is induced by the production of a hypercalcemic factor by tumor cells. PTHrP rather than PTH is currently considered its mediator [8] . Indeed, PTHrP levels are elevated in the serum of most patients with squamous cell carcinoma [9] , which produces biochemical features of hyperparathyroidism upon binding to a common receptor for PTH and PTHrP [10] . Despite the structural homology between the amino termini of the two hormones, immunoradiometric assays for PTH can differ between patients with humoral hypercalcemia of malignancy and those with primary hyperparathyroidism [11] . In such cases, hypercalcemia is secondary to direct bone resorption and release of calcium and phosphorus into the bloodstream.
In the present case, the diagnostic difficulty of lung cancer was due to a large mass occlusion in the left main bronchus, which was detected upon autopsy. Since we were unable to perform a bronchoscopy due to severe dyspnea and anoxia, we could not establish an accurate diagnosis of lung cancer. According to the guidelines of the American College of Chest Physicians, a definitive diagnosis should be established by direct biopsy [12] . However, in this case, tumoral occlusion in the left main bronchus prevented cytological positivity with either a sputum or pleural effusion specimen. The cytological positivity of pleural effusion in lung cancer in the literature is 3.7-38.6% [13] .
Conclusion
This is a rare case report of primary lung squamous cell carcinoma with invasion of the left atrial endocardium, as diagnosed upon autopsy with no cytological diagnosis when alive. MRI showed direct endocardial invasion by a large mass. 
